2+ -dependent protein kinases (CDPKs) are characterized as important sensors of Ca 2+ flux in response to varieties of biotic and abiotic stress. A comprehensive survey of global gene expression performed by using an Arabidopsis thaliana whole genome Affymetrix gene chip revealed that CDPK tends to be significantly higher in tetraploid Isatis indigotica than in diploid ones. To investigate different CDPK expression in response to polyploidy, a full-length cDNA clone (IiCPK1) encoding CDPK was isolated from the traditional Chinese medicinal herb I. indigotica cDNA library. IiCPK1 contains some basic features of CDPKs: a catalytic kinase domain including an ATP-binding domain and four EFhand calcium-binding motifs. Real-time PCR analysis indicated the expression of IiCPK1 from two kinds of I. indigotica (tetraploid and diploid). They both were induced in response to cold stress, but tetraploids I. indigotica which has good fertility, exhibited an enhanced resistance and higher yield, and presented to be more responsive and adaptable. Our results suggest that IiCPK1 gene plays a role in adapting to the environmental stress.
Introduction
Traditional Chinese medicine (TCM) has many beneficial effects and has been validated in the past several thousand years. It is known to treat the cause of a disease rather than to alleviate its symptoms (Siow et al. 2005) . And Chinese traditional herb can be used to treat many diseases, such as cancer (Zhang et al. 2005) , diabetes (Wu et al. 2002) , bacterial infection (Xie et al. 2004 ) and others.
Isatis indigotica, belonging to the Brassicaceae, is a widespread Chinese medicinal herb whose extracts have a significant anti-virus activity (Wang et al. 2000) , especially in treating epidemic cold. Tetraploid I. indigotica Fort (4n = 28), obtained after five years selection (Qiao et al. 1989) , has good fertility and enhanced resistance to tough environment compared with diploid progenitor (2n = 14). A second report by Qiao & Li (1994) presenting the results of comparative cultivation of a high-yielding tetraploid line and its diploid parents by evaluating seed and fruit quality as well as compounds accumulation, showed that the results favored the tetraploids. Since extremely limited molecular research of I. indigotica has been reported, the underlying molecular basis of the significantly qualitative difference between tetraploid and diploid I. indigotica remains unclear.
Arabidopsis thaliana, of which genome sequencing project has been finished by 2000 (The Arabidopsis Initiative 2000), is a well studied organism model. A comprehensive survey of global gene expression can therefore be implemented by A. thaliana whole genome Affymetrix gene chip (ATH1), containing 22,810 probe sets, which can respond to about 80% of the gene sequences on a single array. This method has been successfully used in findings in Brassica, Arabidopsis and wheat (Schranz & Osborn 2000; Lee & Chen 2001; Kashkush et al. 2003) . In our earlier research, it was used to survey the expression changes between tetraploid and diploid I. indigotica on a large scale, 536 X. Pan et al.
and changes in gene expression between tetraploid and diploid I. indigotica has also been observed by applying microarray analysis (Lu et al. 2006) .
In plants, it has been established that Ca 2+ , serving as an important second messenger, is crucial in many developmental and physiological processes through the activation of a set of calciumregulated proteins, such as Ca 2+ -dependent protein kinases (CDPKs) (Rudd & Franklin 2001) . After its debut in 1991 (Harper et al. 1991) , many other CDPK cDNAs were isolated and characterized from different plants. For instance, CDPK in Arabidopsis and tobacco were cloned in 1993 and 1999, respectively (Harper et al. 1993; Yoon et al. 1999) .
By analyzing the expression profile, it was found that the expression of Ca 2+ -dependent protein kinases of I. indigotica (IiCPK1) tends to be significantly higher in tetraploid I. indigotica than in diploid ones. Since its physiological role is partially related to signaling and surviving in some plants (Llop-Tous et al. 2002) , the different expression level of IiCPK1 in the two lines might represent differences in the quality.
CDPKs are normally comprised of one N-terminal catalytic domain, which is highly homologous to mammalian calmodulin-dependent protein kinase II, one junction domain and one C-termina1 Ca 2+ -binding regulatory domain that contains several EF-hand motifs (Harmon et al. 2000) .
In this paper, we first report on cloning and characterization of a novel IiCPK1 from I. indigotica, and examine the expression levels of IiCPK1 under cold stress in two forms of I. indigotica. The different expression profile may reveal the reason for why the tetraploids are superior to the diploids.
Material and methods

Plant materials
Seeds of I. indigotica were pretreated with 75% alcohol for 1 min, washed 3 times with distilled water, followed by the treatment of 0.1% HgCl2 for 5 min and by four rinses with sterile distilled water. The sterilized seeds were then incubated between several layers of sterilized wet filter paper under 30
• C for germination. Germinated seeds were sowed and cultured in small plastic flowerpots naturally. The seedlings were all grown at 25
• C under 14 h light/10 h dark photoperiod cycles for 2 months until cold treatments and RNA isolation. Plant tissues (fresh leaves) were immersed in liquid nitrogen en route immediately after excision and preserved at −70 • C for RNA extraction which was prepared for rapid amplification of cDNA ends (RACE) and real-time PCR.
RNA extraction
Due to the high concentration of polysaccharides and the complexity of biochemical components in I. indigotica tissues, a cetyltrimethylammonium-bromide-based RNA isolation method (Jaakola et al. 2001 ) was used in total RNA extraction. The quality and concentration of the RNA was checked by agarose gel electrophoresis (EC250-90, E-C Apparatus Corporation) and spectrophotometer (WFZUV-2100, Unico TM Instruments Inc., Shanghai) analysis and the RNA samples were stored at −70
• C prior to RACE and realtime PCR.
3'RACE of IiCPK1
The cDNA synthesis was implemented by using the 3'RACE system for RACE. An aliquot of isolated 100 ng total RNA extracted from leaves were reversely transcribed with a cDNA synthesis strategy named "First-stand cDNA synthesis" by using Clontech Smart TM RACE cDNA Amplification Kit (BD Biosciences, USA). CDPK specific 3'primer GSP3 (Gene Specific Primer 3'; 5'-GCAAGACTGAAGCA GTTCACC-3') was designed and synthesized according to the conserved sequence among the known CDPK proteins. GSP3 and UPM (Universal Primer, provided by the Clontech Smart TM RACE cDNA Amplification Kit manufacturers) were used for the 3'RACE PCR and cDNA was used as template. PCR amplification was performed under the following conditions: cDNA was denatured at 94 The amplified PCR product was purified and cloned into pMD 18-T vector (Takara, Japan) followed by sequencing.
5'RACE of IiCPK1
CDPK specific 5' primers GSP1 (Gene Specific Primer 1, 5'-AATAACCCTGAGTGCTCGTTT-3'), GSP2 (Gene Specific Primer 2, 5'-AGTCTTGCCCTTACTGTTTCAC-3') were designed and synthesized based on the sequence of the obtained 3'RACE product, and used to amplify the 5' end of CDPK cDNA. For 5'RACE, 100ng total RNA were reversely transcribed by "First-stand cDNA synthesis" by using Clontech Smart TM RACE cDNA Amplification Kit (BD Biosciences, USA). The first round of PCR was performed with primers CDPK5' GSP1 and UPM (Universal Primer, provided by the Clontech Smart TM RACE cDNA Amplification Kit manufacturers) using 2.5 µL first-strand cDNA as template in a total volume of 50 µL reaction mixture under the following PCR condition: cDNA was denatured at 94 • C for 10 min. The amplified 5' PCR product was purified and cloned into pMD 18-T vector followed by sequencing.
Generation of the full-length cDNA sequence of IiCPK1 By comparing and aligning the sequences of 3' and 5' PCR products, specific primers CDPKFWD (CDPK Forward Primer, 5'-CATCCTTTGATTTCCCCATTTCCTT-3') and CDPKBACK (CDPK Backward Primer, 5'-TGCC TAAAATGCTTAAATCGTGG-3') were designed. The fulllength cDNA sequence was obtained through PCR reaction by using the first-strand cDNA as the template under the following PCR condition: 94 • C for 10 min. The PCR product was purified and cloned into pMD 18-T vector followed sequencing, and the sequence has been deposited with GenBank (Benson et al. 2007 ) under the accession number DQ098651.
Bioinformatics analysis
Sequence analyses were performed using the BLAST program (Altschul et al. 1997 ) and other programs available at the ExPASy server (Gasteiger et al. 2003) . Multiple alignments were carried out using the ClustalX software (version 1.80) (Thompson et al. 1997 ). The phylogenetic tree was constructed by the neighbor-joining method (1000 bootstrap replicates) using the MEGA program (version 3.1) (Kumar et al. 2004 ).
Cold treatment
For cold treatment, plant tissues (fresh leaves) of two kinds of I. indigotica (tetraploid and diploid) were kept at 4
• C for 12 hours before the RNA extraction.
Real-time PCR analysis
Total RNA of two kinds of I. indigotica (tetraploid and diploid) was extracted before and after cold-inducing, respectively. These four kinds of total RNA were reversely transcribed by using AMV reserve transcriptase (Takara, Japan) to generate cDNA. Random primer rather than OligdT was used in reverse transcription because 18S rRNA was selected as a reference gene. Gene specific primers (forward 5'-GTTGTTGATGCCATTATTCGC-3'; reverse 5'-GCATCTTGCATCAGTTTGAGACTG-3') were designed for real-time PCR. A pair of primers (5'-CGCGAAAAGAT GACTCAAATC-3' and 5'-AGATCCTTTCTGATATCCA CG-3') was also designed for tobacco actin gene (GenBank Accession No.: X63603). The real-time PCR was performed according to manufacturer's instruction (ABGENE, UK) under the following condition: 94 
Results and discussion
Cloning and characterization of the cDNA and amino acid sequences of IiCPK1
By 5' and 3' RACE, we got the cDNA clone of IiCPK1. The cDNA clone of IiCPK1 (GenBank Accession No.: DQ098651) is 2,301 bp long and has a 1,611 bp ORF encoding a predicted protein of 537 amino acids with a deduced molecular mass of about 60.6 kDa and an pI of 5.96 (Fig. 1) . IiCPK1 was found to have ( Fig. 1 
Molecular evolution analysis
To investigate the evolutionary relationships among CDPK proteins, an alignment was made (Fig. 2) based on the deduced amino acid sequence of gene CDPK of I. indigotica and other 9 CDPKs from closely related species, and based on this alignment the phylogenetic tree was calculated (Fig. 3) . The numbers at the end of the branches indicate the relationships among the proteins. The results show that the IiCPK1 was grouped with I. tinctoria CDPK into the same cluster. The CDPKs from A. thaliana were grouped into the same cluster, similar to that observed by Hrabak et al (2003) . Other species were grouped into different clusters irregularly. Since both IiCPK1 and I. tinctoria CDPK were from the plant species of I. indigotica, we indicate that they belong to a gene family, and the results of the phylogenetic tree are thus understandable (Fig. 3) .
Real-time PCR analysis
To gain insight into the expression profile of IiCPK1, real-time PCR was performed. For gene expression studies, relative quantification was more suitable because the influence of unavoidable artifacts during sample preparation was taken into account. Several works on plant gene expression had been carried out by using the common practice of normality with a single control gene like 18S rRNA. The data of expression level shown in Figure 4 are all relative quantification compared to 18S rRNA.
When dioploid I. indigotica were cultured in greenhouse, the expression of IiCPK1 in dioploid I. indigotica was even higher than it in tetraploid (Fig. 4) . The experiment was repeated three times and the same result was obtained. This result was inconsistent to microarray. However, detailed analysis suggested that the inconsistency in the results of real-time PCR and microarray was probably due to the different culture conditions. The experiment material for gene chip was collected from field under natural condition, while the material of real-time PCR was cultured in greenhouse, and the temperature might play a key role in the result.
It was believed that CDPKs play significant roles in environmental and hormonal signal transduction. The expression of CDPK genes from different plant species was induced in response to stimuli such as cold, drought, salt, light stress and fungal elicitor (Urao et al. 1994; Saijo et al. 1997; Romeis et al. 2001; Llop-Tous et al. 2002) . In order to examine the effect of low tem-perature on the expression of IiCPK1, both tetraploid and dipoild I. indigotica were kept at 4
• C for 10 hours. As it is shown in Figure 4 , an obvious (600%) increase in IiCPK1 mRNA level was observed when tetraploid I. indigotica was kept for 10 h at 4
• C compared to the untreated one. However, no increase (16%) in IiCPK1 mRNA level was observed when diploid I. indigotica was kept for 10 h at 4
• C compared to control, in contrast to tetraploid ones. The expression of IiCPK1 in tetraploid was higher than that in diploid (about twice) when both breeds were cold-treated (Fig. 4) .
These results illustrate that the expression of CDPK in diploid I. indigotica was nearly constant whether the environment was favorable or not. On the other hand, tetraploid one could dramatically regulate the expression of CDPK at different temperatures. In agreeable condition, tetraploid I. indigotica keeps a low expression level of CDPK, but in adverse condition, it could increase the expression level of IiCPK1. In other words, tetraploid I. indigotica exhibited a much stronger ability of adaptation than diploid one by altering CDPK mRNA level.
The results presented in this paper suggested a role of an IiCPK1 in response to stresses. Moreover, a responsive adaptation to different conditions accounted for the obvious advantage that tetraploid I. indigotica took over diploid one. And the difference of expression in the result of gene chip was only one aspect of the different ability of adaptation. Evolution was a process of adapting to environment. Our work implies a key advantage of "fast-evolution" by artificial breeding. Why is the polyploid form more adaptable than the diploid one? A possible hypothesis is: the multi-copies of housekeeping genes could regulate the physiological process faster and more significantly.
The expression level of housekeeping genes would be relatively higher in polyploid one than in diploid one due to more copies of them. Then, they would trigger downstream genes more easily and consequently the genes triggered by housekeeping genes would regulate their downstream genes faster, just like a set of cascades. The efficiency of the whole physiological process regulation would be increased exponentially. More work will be carried out to prove this hypothesis. Real-time PCR, northern, and microarray will be used to analyze the expression profile of related genes after being cloned and characterized. And it might reveal the underlying molecular basis of the significantly qualitative difference between polyploid lines and diploid lines in many species.
